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Dolphin Morbillivirus (DMV), which has caused at least four epidemics in the Western Mediterranean during the last 20-25 years, may 
dramatically impact the health and conservation of striped dolphins (Stenella coeruleoalba) living in this area. The viral and host factors 
driving the host-DMV interaction, along with those related to the climate change that underlie the occurrence of DMV epidemics, 
warrant further investigation. 



From 1990 onward, Mediterranean striped dolphins (Stenella coeru- 
leoalba) have been the victims of at least four Dolphin Morbillivirus 
(DMV) epidemics, and the epidemic that occurred between 1990 and 
1992 was particularly dramatic. Noteworthy, several infected animals 
showed the presence of viral genomes and/or antigens exclusively in the 
brain, and their lesions mimicked those found in Measles Virus (MeV)- 
infected, subacute sclerosing panencephalitis-affected patients.''^ 
Furthermore, an expansion in the host-range of this virus has been 
recently observed in the Western Mediterranean, as highlighted by 
lethal cases of DMV infection in two fm whales (Balaenoptera physalus) 
that were stranded along the Tyrrhenian coast of Italy' and in a captive, 
common seal (Phoca vitulina) from an Italian aquatic park.^ These 
findings are of concern, given the documented susceptibility of 
Mediterranean monk seals (Monadius monachus), which is a critically 
endangered species, to an agent that is closely related to DMV.'' 

The viral strains that were responsible for these epidemics, including 
the dramatic outbreak that occurred in the striped dolphin population 
of the Tyrrhenian Sea from January to April 2013, exhibited a marked 
genetic relatedness.''^^ This finding argues in favor of prolonged DMV 
circulation in the Western Mediterranean and simultaneously supports 
the hypothesis stating that an inadequate level of anti-viral immunity 
exists in the striped dolphins that inhabit this area. Based on the 
available data, it can be predicted that cyclic DMV epidemics should 
be occurring every 3-5 years in the Western Mediterranean. A similar 
scenario, which is made plausible by the number of young individuals 
supporting the spread of infection and by unsatisfactory population 
immunity against the virus, could tremendously impact the already 
endangered health and conservation status of Mediterranean striped 
dolphins. In this respect, it is unknown whether the high tissue levels of 
immunotoxic pollutants that are commonly detected in Mediterranean 
striped dolphins^ are responsible for the lack of protective immunity 
against one or more of the closely related DMV strains that have been 
putatively circulating for years in this region. 

Additionally, the viral- and host-specific factors driving the host- 
DMV interaction are largely undefined, and special emphasis should 
be placed on the immunopathogenesis of infection and on the mecha- 
nisms of viral colonization and prolonged persistence inside the brain of 



chronically infected dolphins.' Similar to all other Morbillivirus genus 
members, DMV is a lymphotropic, epitheliotropic and neurotropic 
agent. However, the cell receptor that accounts for morbrUiviral lympho- 
tropism (Signalling Lymphocyte Activation Molecule, SLAM, or 
CD150) is not expressed by neurons,^ and this may also be true for 
nectin-4, which is a cell receptor that is involved in Morbillivirus epithe- 
liotropism;^ however, a role of such a molecule in the neurovirulence of 
Canine Distemper Virus (CDV) has been recently suggested.^ Indeed, 
CDV represents a well-established and 'accredited' model for the com- 
parative study of Morbillivirus infections in humans and animals, and, in 
fact, this agent gives rise to viral persistence inside the brain of infected 
dogs and, thereby, mirrors the behavior of MeV in human patients.* 

Despite the above analysis, many questions remain unanswered. How 
does the virus colonize the brain of the host and its neuronal and non- 
neuronal cell populations? Additionally, how do morbifliviruses remain 
'undisturbed' inside the brain and give rise to MeV-induced subacute 
sclerosing panencephalitis'* in humans and its 'disease analogues' in 
CDV-infected dogs^'* and in DMV-infected striped dolphins?'"^ A plau- 
sible answer could lie in the 'selective/exclusive neurotropic attitude' of 
given morbiUiviral strains inside their hosts, and this phenomenon is likely 
determined by the selective interaction of the virus with a receptor mole- 
cule that is consistendy expressed by neurons and/or by other brain cells. 
For example, during CDV infection, the prolonged persistence of the 
virus within the canine brain is associated with a viral, non-cytolytic, 
astrocyte-to-astrocyte intracellular spread via a hitherto unknown glial 
cell receptor.' For human MeV infection, although a 'nectin-4-based 
mechanism' could justify the neurotropism, neurovirulence and persist- 
ence of the virus inside the brain of infected patients,'" in a similar 
manner to what was reported in CDV-infected dogs,^ an alternative 
mechanism has been proposed. Albeit highly speculative, this 'model' 
postulates an interaction between CD 147, which is a transmembrane 
glycoprotein and a gamma-secretase subunit that is expressed by neuronal 
cells," and cyclophUin B, which is incorporated into the MeV surface.^ 

In regard to the agent-related factors that drive viral persistence inside 
the brain, it should also be emphasized that MeV, CDV and the more 
recently characterized Phocine Distemper Virus have been shown to 
undergo point- and hypermutation events in their viral envelope genes. 
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such as those coding for fusion (F) and matrix (M) proteins.*"'^ WhUe it 
seems likely that the aforementioned gene mutations may contribute to 
prolonged morbiUiviral persistence in the brain of chronically infected 
individuals, it is important to investigate whether a similar pathogenetic 
mechanism also occurs in DMV-infected dolphins. 

A powerful research effort is needed that pays special attention to the 
fact that few studies thus far have investigated the entire viral genome 
of the isolates that were recovered from Morbillivirus-miected ceta- 
ceans. In addition to the lack of a financially and ethically sustainable 
experimental model for the study of DMV infection in dolphins, the 
research activity in this area, and in general, on the pathology of free- 
ranging cetaceans is hampered by the advanced degree of post mortem 
autolysis in which their bodies are often found in after stranding. 

In conclusion, while recognizing the long-standing 'tradition' and 
the outstanding value of the human MeV and dog CDV infection 
models, we believe that it is also important to characterize the virus- 
and host-specific factors that play a major role in the host-DMV 
interaction and the climate change-related drivers that influence the 
occurrence of cyclic DMV epidemics in the Mediterranean. This 
research topic is challenging and intriguing, and DMV-infected dol- 
phins could potentially be valuable models for comparative neuro- 
pathology and viral neuropathogenesis. 



2 Domingo M, Vilafranca M, Visa J etal. Evidence for chronic morbillivirus infection in 
the Mediterranean striped dolphin [Stenella coeruleoalba). Vet Microbiol 1995; 44: 
229-239. 

3 IVIazzariol S, Peletto S, Mondin A et ai. Doipiiin l^orbiilivirus infection in a captive 
harbor seal {Phoca vituiina). J din Microbiol 2013; 51: 708-711. 

4 van de Bildt MW, Martina BE, Vedder EJ et ai. Identification of morbilliviruses of 
probable cetacean origin in carcases of Mediterranean monk seals {Monactius 
monachus). Vef /fee 2000; 146: 691-694. 

5 Panti C, Spinsanti G, Marsili L et ai. Ecotoxicological diagnosis of striped dolphin 
{Steneiia coeruleoaiba) from the Mediterranean basin by skin biopsy and gene 
expression approach. Ecotoxicology20\l; 20: 1791-1800. 

6 Sato H, Yoneda M, Honda T, Kai 0. Morbiilivirus receptors and tropism: Multiple 
pathways for infection. Front Microbiol 2Q\2\ 3: 75. 

7 Pratakpiriya W, Seki F, Otsuki N et al. Nectin4 is an epithelial cell receptor for 
canine distemper virus and involved in neurovirulence. J Virol 2012; 86: 10207- 
10210. 

8 Renter D, Schneider-Schaulies J. Measles virus infection of the CNS: human disease, 
animal models, and approaches to therapy. Med Microbiol Immunol2010; 199: 261- 
271. 

9 Wyss-Fluehmann G, Zurbriggen A, Vandevelde M, Plattet P. Canine distemper virus 
persistence in demyelinating encephalitis by swift intracellular cell-to-cell spread in 
astrocytes is controlled by the viral attachment protein. Acta Neuropathol 2010; 119: 
617-630. 

10 Watanabe A, Yoneda M, Ikeda F, Terao-MutoY, Sato H, Kai C. CD147/EMMPRIN acts 
as a functional entry receptor for measles virus on epithelial cells. J Virol 2010; 84: 
4183-4193. 

1 1 Nahalkova J, Volkmann I, Aoki M efa/. CD147, a gamma-secretase associated protein, 
is upregulated in Alzheimer's disease brain and its cellular trafficking is affected by 
presenilin-2. Neurochem /nf 2010; 56: 67-76. 

12 Philip Earle JA, Melia MM, Doherty NV, Nielsen 0, Cosby SL. Phocine Distemper 
Wrus in seals, east coast. United States, 2006. Emerg Infect Dis 2011; 17:215- 
220. 



Di Guardo G, Di Francesco CE, Eleni C et al. Morbillivirus infection in cetaceans 
stranded along the Italian coastline: pathological, immunohistochemical and 
biomolecular findings. Res Vet Sci 2013; 94: 132-137. 



licenses/by/3.0 



This work is licensed under a Creative Commons Attribution 3.0 Unported 
license. To view a copy of this license, visit http://creativecommons.org/ 



Emerging Microbes and Infections 



